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SmiMARY 


This  note  outlines  the  consideration  given  Ly  the  contined  M.O.W./ 
M.O.S.  Bnplaceraents  Working  Party  to  the  problem  of  designing  emplacements 
for  the  firing  of  liquid  propellant  rocket  motors. 

It  indicates  proposals  for  a  test-bed  in  which  the  operation  of 
an  8000  lb  thrust  motor  running  continuously  for  periods  of  five  minutes 
can  be  tested. 
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1  Introduction 

Following  the  serious  explosion  in  one  of  the  rocket  test-beds  at 
V/estcott,  a  combined  M.O.W./^I.O.S*  Working  Party  was  set  up  to  review  the 
rocket  motor  test-bed  design  requirements,  and  to  prepare  specifications 
for  new/  onplacements.  The  Working  Party  consists  of  representatives  of 
the  Ivlinistry  of  Works  (Architects  and  Engineering  Divisions)  and  the 
Ministry  of  Supply  (Armaments  Research  Establishment  and  Royal  Aircraft 
Establishment; . 

One  of  the  requirements  was  for  emplacements  capable  of  testing 
rocket  motors  of  thrusts  and  durations  likely  to  be  demanded  for  aircraft 
propulsion.  Considerable  thought  was  given  to  the  matter,  and  many  ideas 
wore  put  forward  before  the  final  design  was  agreed.  The  deliberations 
of  the  Working  Party  are  recorded  in  the  minutes  of  its  meetings'',  but 
this  note  has  been  prepared  for  the  convenience  of  those  interested  in 
test-bed  design. 

2  Bnplaoement  requiranents 

The  use  of  confined  firing  bays  for  the  testing  of  rocket  motors 
is  necessary  for  tivo  majji  reasons.  The  first  is  to  economize  in  space, 
and  the  second  to  observe  at  close  range  either  directly  or  indirectly 
the  canponent  under  test.  The  alternative  to  fii’jjig  in  an  anplaoement 
is  to  fire  in  the  open  v/ith  the  observation  and  control  p/oints  at  some 
distance  fran  the  test.  Whilst  it  is  necessary  that  certain  large  scaie 
testing,  for  example  the  static  firing  of  complete  rocket  missxLos, 
should  be  done  in  dispersed  onplacements,  the  amount  of  available  space 
at  \fe3tc0tt  makes  it  essential  that  smaller  scale  testing  is  done  in 
relatively  confined  emplacements. 

The  emplacements  under  consideration  in  this  note  are  required 
for  testing  a  rocket  motor  which  develops  8000  lb  thrust  over  a  maximum 
running  time  of  five  minutes.  The  corresponding  total  mass  flow-rate  of 
oxidant  and  fuel  required  is  approximately  40  Ib/soc.  In  addition  to 
the  firing  chamber  tank  bays  for  the  storage  of  up  to  11,000  lb  of  oxidant 
and  3500  lb  of  fuel  are  included. 

A  further  requirement  of  the  design  is  that  an  explosion  inside 
the  firing  chamber  equivalent  in  pov/er  to  50  lb,  of  torpex  should  cause 
only  repairable  damage  to  the  emplacement,  and  obviously  the  observing 
and  control  personnel  should  be  completely  protected.  As  a  further 
safeguard  the  structure  should  afford  to  people  in  the  control  and 
observation  rooms  oomploto  protection  against  an  explosion  in  the  firing 
bay  equivalent  to  1 50  lb  of  toipex. 

The  amount  of  torpex  sufficient  to  produce  the  limiting  amount  of 
damage  that  can  be  repaired,  in  this  case  50  lb,  has  been  defined  as  the 
explosive  limit  of  the  emplacement.  In  computing  the  e^losive  limit  an 
assessment  is  made  of  the  total,  weight  of  fuel  and  oxidant  that  coiiLd  be 
in  the  firing  bay  at  any  one  instant.  A  figure  in  excess  of  this  is 
taken  and  the  worst  oondit ions  ■  are  assumed  i.o.  that  the  combustion 
oliamber  is  half  full  of  mixed  fudL  and  oxidant,  and  that  the  pipe  runs 
and  pumps  are  full.  It  was  intended  in  the  early  stages  of  the  design 
tliat  the  explosive  limit  should  bo  55  lb  of  torpex.  A  later  assessment 
of  the  whole  problem  indioat€)d  that  a  higher  explosive  limit  could  be 
tolerated  from  the  point  of  view  of  design,  arul  hence  the  figure  was 
raised  to  50  lb  of  torpex. 

The  chief  problem  in  designing  emplacements  of  this  type  is  that 
of  ensuring  that  a  closed  or  semi-closed  structure  will  withstand 
explosions  of  5^  lb  of  torpex.  Little  data  on  the  problem  exist,  hence 
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the  Y/orking  Party  suggested  that  trials  should  be  undertaken  to  obtain 
information  on  the  best  method  of  containing  the  blast  impulses  caused 
by  explosions.  These  trials  have  been  carried  out  at  Thurleigh  in 
Bedfordshire  under  the  supervision  of  the  Ministry  of  Works,  but  a  full 
report  on  the  results  has  not  been  received  up  to  the  time  of  writing. 

A  preliminary  assessment,  however,  has  been  made  and  this  is  given  in  a 
later  paragraph  dealing  with  the  final  design. 

3  Shortcomings  of  existing  Class  A  Bnplaoements 

The  original  Westoott  emplacements,  designated  Class  A,  were 
intended  for  testing  motors  of  between  2000  and  3000  lb  thrust  only. 
Firings''  in  these  onplaoements  have  shown  up  a  number  of  defects  in  design. 

A  general  lay-out  plan  of  a  Class  A  emplacement  appears  as  fig.1 . 
Prior  to  the  explosion  of  14th  November,  1 947,  windows  of  armoured  glass 
were  fitted  in  the  walls  between  the  control  room  and  the  firing  bay, 
and  it  was  the  frames  of  these  windows  that  were  the  main  cause  of  the 
casualties.  Subsequent  to  the  accident  the  window  ports  of  the  anplace- 
ments  were  covered  with  armoured  steel  plate,  and  observations  of  the 
motor  under  tost  are  now  made  indirectly  by  mirrors. 

Apart  from  this  defect,  the  Class  A  emplacement  has  other  drawbacks 
which  make  this  type  unsuitable  for  testing  motors  of  the  thrust  envisaged. 
It  is  difficult  in  the  first  place  to  assess  accurately  the  explosive  limit 
of  the  emplacement.  This  lias  been  fixed  by  the  R.P.D.  Safety  Committee  at 
20  lb  of  torpex,  but  the  figure  can  only  be  taken  as  the  limit  for  protec¬ 
tion  to  personnel.  No  accurate  assessment  can  be  made  of  the  structural 
damage  that  would  occur  as  a  result  of  an  explosion  of  this  magnitude. 

The  latest  information  seems  to  indicate  that  20  lb  of  torpex  is  rather 
a  high  figuz'e,  and  the  subject  is  being  further  considered  by  the  Safety 
Committee. 

It  v/as  also  felt  tliat  the  housing  of  fuel  and  oxidant  tanks  in  the 
same  storage  bay,  as  was  envisaged  in  the  original  design  of  these 
emplacements,  is  undesirable.  The  feeding  of  the  fuel  and  oxidant  to 
the  motor  under  test  is  often  carried  out  by  pressurizing  the  tanks  with 
compressed  gas.  Under  these  conditions  there  is  a  danger  of  bursting  one 
or  both  of  the  tanks  and  consequent  mixing  of  fuel  and  oxidant.  This 
danger  is  accentuated  by  the  present  necessity  for  using  light  alloy 
tanks  tested  up  to  a  pressure,  the  ratio  of  which  to  the  working  pressure 
is  of  the  order  of  1.5,  which  is  less  than  that  demanded  for  new  tanks 
specially  designed  for  the  purpose.  To  overcome  this  disadvantage  in 
design  it  has  been  laid  dovm  that  in  the  two  Class  A  emplacements  at 
present  in  use  one  rear  storage  bay  shall  house  the  oxidant  for  both 
firing  chambers  and  the  other  the  fuel  for  both  chambers.  It  is  not 
necessary  that  the  same  fuels  or  the  same  oxidants  are  stored  in  the 
respective  bays. 

4  Basis  of  design 

The  size  and  strength  of  an  eraplacanent  is  chiefly  governed  by 
the  thrust  of  the  motor  to  be  tested  in  it.  On  this  factor  depend  the 
strength  of  the  structure  to  which  tlie  motor  is  fixed  and  the  explosive 
limit  of  the  emplacement  which  is  governed,  as  explained  before,  by  the 
size  of  the  combustion  chamber.  The  ujper  limit  for  the  aircraft  emplace¬ 
ments  was  set  at  8000  lb  thrust  with  a  maximum  non-stop  running  time  of 
five  minutes.  This  latter  factor  is  important,  of  course,  in  detemining 
the  size  of  fuel  and  oxidant  bays  needed  to  acoommodate  the  quantities 
required,  but  bears  no  relation  to  the  strength  and  size  of  the  firing 
chamber  itself. 
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An  important  raquirement  in  tha  dasign  is  affectiva  obsarvation  of 
tha  motor  undar  tast.  Though  diract  observation  is  probably  the  most 
satisfactory,  from  tha  point  of  viaw  of  tha  officer  contiX)lling  the  test, 
it  has  bean  completely  ruled  out  by  the  Working  Party  in  their  considera¬ 
tion  of  design.  Various  methods  of  indirect  observation  have  been  oon- 
sidered^,  and  detailed  design  work  on  the  more  promising  is  in  hand. 

Apart  from  the  testing  of  motors  of  bigger  thrust  and  longer  running 
times,  other  requirements  of  the  aircraft  emplaccsments  are  similar  to 
those  provided  for  the  Class  A  emplacements.  For  example,  holes  have  to 
be  provided  in  tho  wall  botv/oen  the  firing  bay  £ind  the  control  roan  fbr 
tho  valve  systems,  which  operate  the  motor,  and  for  other  devices. 

5  Early  design  considerations 

It  was  realised  from  the  first  that  the  chief  difficulty  in  pre¬ 
paring  a  design  of  an  emplacement  with  an  explosive  limit  of  the  order 
of  50  lb  of  torpex  lay  in  the  lack  of  available  data  for  enabling  blast 
impulses  resulting  frcm  an  explosion  to  be  expressed  as  an  equivalent 
steady  static  loading  on  which  wall  thickness,  amount  of  buttressing, 
etc. ,  could  be  based.  First  consideration  was  given  to  a  rectangular 
structure,  similar  to  the  Class  A  onplaoements,  with  a  roof  of  approxima¬ 
tely  the  same  strength  as  the  walls.  This  type  of  construction  would 
tend  to  enclose  any  explosion  and  hence  reduce  the  surrounding  danger 
zone  to  a  minimum,  as  risks  from  falling  fragments  would  be  obviated  to 
a  large  extant.  It  was  suggested  that  such  emplacements  might  be  built 
as  single  units  with  the  observation  room  along  one  side  and  tho  fuel  and 
oxidant  bay  adjacent  to  the  opposite  side.  This  would,  avoid  tho  necessity 
for  housing  the  fuel  and  oxidant  at  the  rear  (i.o.  on  the  closed  side) 
of  the  emplacement,  and  give  greater  freedom  of  access  and  at  the  same 
time  reduction  in  danger  area  to  tho  rear.  It  was  realised  that  one  of 
tho  bad  features  v/as  the  proximity  of  the  fuel  and  oxidant  storage  bays. 

It  v/as  takeii  as  a  principle  in  tho  design  that  tho  danger  frcm  blast  or 
fragments  shoald  be  restricted  to  one  general  direction  only,  that  is 
along  tho  axis  and  on  the  open  side  of  tho  emplacement. 

It  soon  became  apparent  that  as  a  result  of  tho  lack  of  information 
on  tho  correlation  between  blast  impulse  figures  and  steady  static  loading., 
tho  design  of  a  rectangular  structure  to  withstand  a  certain  explosive 
limit  was  going  to  be  a  difficult  task.  It  was  at  this  stage  that  the 
Ministry  of  Vforks  representatives  suggested  that  tho  emplacement  might 
consist  of  a  steel  cylinder  backed  on  the  outside  with  conoreto.  Tho 
blast  impulse  would  then  be  talcon  in  ring  tension  and  it  would  bo  possible, 
by  means  of  scale  experiments,  to  obtain  information  on  what  such  struc¬ 
tures  could  v/ithstand. 

6  Developnent  of  cylindrical  emplacement  design 

After  it  had  been  agreed  that  a  cylindrical  firing  chamber  offered 
tho  best  solution,  two  emplacement  designs  wore  considered.  In  both 
designs  one  end  of  tho  emplacement  was  closed;  in  tho  first  by  a  vertical 
wall  buttressed  on  the  outside;  in  tho  second  by  a  hemispherical  closure. 
In  both  cases  tho  oxidant  and  fuel  bays  wero  on  one  side  of  tho  firing 
bay  and  the  oonti'ol  room  was  on  the  opposite  side.  <  The  control  room  was 
to  be  semi-sunken  so  that  the  periscopes  to  be  used  for  indirect  observa¬ 
tion  could  be  sot  in  tho  roof.  CJonsideration  at  this  stage  was  given  to 
the  possibility  of  separating  the  fuel  and  oxidant  bays.  Tho  ideal  method 
would  bo  to  build  them  on  either  side  of  tho  emplacement,  but  then  tho 
control  room  would  have  to  bo  at  the  rear.  Tho  obvious  difficulties  of 
observing  the  motor  under  test  with  this  arrangement  led  to  the  rejection 
of  this  idea. 
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Up  to  this  point  in  the  discussion  of  the  design  only  anplacements 
built  in  single  units  had  been  considered.  It  had  been  argued  that  firing 
in  single  emplacements  would  cause  the  least  inconvenience  to  work  being 
carried  out  in  other  firing  bays,  but  that  the  idea  of  twin  emplacements 
need  not  be  rejected  if  other  factors  pointed  in  their  favour.  It  was 
thought  that  the  possibility  of  using  a  common  observation  and  control 
room  for  two  emplacements  set  at  right  angles  might  be  a  factor  in  favour 
of  building  eanplacements  in  pairs. 

7  Dcvelopnent  of  t^vin  emplacement  design 

As  mentioned  before,  the  guiding  principle  in  the  consideration  of 
the  design  of  these  emplacements  was  the  restriction  of  the  danger  from 
either  the  firing  chamber  itself  or  from  the  bursting  of  pressurized  tanks 
to  an  area  on  the  open  side  of  the  emplacement.  Although  the  building  of 
emplacements  in  pairs  with  the  axes  of  the  firing  bays  at  right  angles 
would  increase  the  angle  of  the  danger  area,  any  considerable  advantage 
in  the  scheme  might  offset  this  disadvantage. 

Pig. 2  shows  the  first  design  of  this  type  with  a  common  observation 
and  control  room  and  the  respective  fuel  and  oxidant  bays  on  the  opposite 
side  of  each  emplacement.  The  scheme  has  the  merit  of  econcjny  in  space, 
but  subsequent  examination  shov/ed  that  it  would  be  very  difficult  to 
protect  adequately  the  corner  of  the  control  room  nearest  to  the  firing 
bays. 


A  new  factor  in  the  developnent  was  introduced  at  this  stage,  that 
of  having  both  ends  of  the  firing  chamber  open  to  the  atmosphere.  It  was 
necessary,  however,  in  order  to  preserve  the  area  to  the  rear  of  the 
emplacements  free  from  danger  to  have  very  close  to  the  rear  end  of  the 
emplacement  a  high  blast  wall  which  woilLd  prevent  the  escape  of  fragnents 
moving  in  any  direction  from  the  back  of  the  firing  bay.  The  A.R.E. 
representative  on  the  Working  Party  stated  that  experience  had  shown  that 
even  a  small  venting  area,  as  envisaged  in  this  schone,  wo^xld  materially 
reduce  the  damage  caused  by  the  initial  blast  impulse. 

As  explained  above,  this  iype  of  tv/in  emplacement  with  the  control 
room  between  the  firing  bays  was  rejected  because  of  the  large  amount  of 
protection  required  for  the  corner  of  the  observation  room.  The  next 
step  was  to  consider  a  similar  design  v/ith  the  firing  chambers  splayed 
outwards,  and  the  fuel  and  oxidant  bays  arranged  between  them  (fig. 3). 

In  this  case  the  control  rooms  wore  arranged  along  the  outside  walls  of 
the  two  emplacements,  and  thus  v/ere  not  exposed  to  danger,  but  closer 
study  revealed  that  the  fuel  and  oxidant  bays,  whose  sizes  were  controlled 
by  the  geometry  of  the  design,  were  not  nearly  large  enough  for  the 
quantities  of  propellant  envisaged. 

To  overcome  this  difficulty  it  was  found  necessary  to  revert  to  a 
design  for  twin  emplacements  v/ith  the  axes  of  the  firing  chambers  parallel 
to  each  other  and  also  parallel  to  the  axes  of  the  four  exidant  and  fuel 
bays  (fig. 4).  Thus  it  became  apparent  at  this  stage  that  little  advantage 
would  accrue  from  building  double  emplacements.  A  further  disadvantage  in 
this  particular  design  lay  in  the  long  pipe  runs  that  would  be  required 
from  the  outside  fuel  bay  to  the  firing  chamber.'  These  supply  lines  should 
be  kept  as  short  as  possible,  chiefly  to  prevent  excessive  pressure  drops 
along  themi  it  v/ill  be  noticed  that  this  requirement  had  been  met  in  all 
previous  designs.  There  is  also,  of  course,  the  overall  difficul'ty  with 
a  twin  emplacement  design  that  firings  in  one  bay  may  quite  likely  inter¬ 
fere  v/ith  the  progress  of  work  in  the  other;  this  factor  would  not  apply 
with  such  groat  effect  in  single  emplacements. 
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After  an  exhaustive  study  of  the  ajdvantages  and  disadvantages  of 
twin  emplacements  it  was  decided  to  revert  to  single  emplacements. 

8  Developnent  of  the  final  canplacement  design 

The  proposed  final  design  of  the  aircraft  emplacements  is  shown  in 
fig. 5.  Consequent  upon  the  requirements  that  there  should  Toe  an  inoreaae 
in  explosive  limit  fron  35  li*  to  50  lb  of  torpex  end  that  control  personnel 
should  bo  adoquately  protected  from  an  explosion  up  to  15O  lb  of  torpex, 
it  v/as  decided  at  this  stage  to  build  the  firing  chamber  as  two  oonoontrio 
steel  tubes  with  the  space  between  than  filled  with  concrete.  In  order 
to  cushion  tlu)  effect  of  an  explosion  the  firing  chamber  and  observation 
room  are  shovm  built  on  andependeni:  foundations  with  an  air  space  bet^veen 
those  portions  that  lie  above  ground.. 

The  trials  at  Thurleigh,  mentioned  in  a  previous  paragraph,  indicate 
that  there  is  a  safety  factor  of  at  least  five  for  an  explosion  of  I50  lb 
of  torpex  in  such  an  emplacement  v;hioh  v/ill  also  be  able  to  withstand 
between  200  and  3OO  explosions  of  30  lb  of  torpex  v/ithout  serious  struc¬ 
tural  damage. 

After  discussing  the  detailed  requirements,  the  T/orking  Party  drew 
up  a  specification  as  a  basis  for  v/orking  drawings.  Some  extracts  from 
the  specification  are  given  below: - 

(a)  The  firing  bay  will  consist  of  concentric  steel  tubes  loaded 
with  concrete  of  a  mixture  as  laid  down  by  M.O.W.  Structural 
Engineers,  the  internal  tube  being  approximately  15  feet 
inside  diameter  by  23  feet  6  inches  long. 

(b)  The  rear  end  of  the  firing  tube  to  be  open--end6d,  with 
traverse  of  earth  to  withstand  face-on  blast  specified,  and 
spaced  approximately  four  feet  distant  from  it.  The  traverse 
to  be  faced  with  sleepers  or  similar  material  to  prevent 
ricochet. 

(c)  Observation  of  the  rocket  motors  in  the  firing  bay  v/ill  be 
by  means  of  periscopes  fitted  by  such  a  method  that  no 
direct  blast  in  the  event  of  an  explosion  passes  to  the 
control  roan  via  the  periscope  tubes.  Periscopic  observa¬ 
tion  is  required  to  cover  the  full  length  of  the  firing 
tube  plus  three  feet  outside  the  tube  at  the  firing  end. 

In  order  th/.\.t  two  observers  can  view  the  firing  simultaneously 
the  last  seven  feet  of  the  chamber  will  have  duplicate 
observation. 

(d)  The  inside  of  the  firing  tube,  the  end  doors  and  all  steel 
pipe  v/ork  to  be  protectfcd  from  the  corrosive  effect  of  v/oak 
acid  by  spraying  or  painting  with  suitable  acid-proof  paint. 

9  Conclusions 


After  oonsidering  all  aspects  of  the  problems  involved  in  designing 
emplacements  for  the  testing  of  roclcct  motors  in  confined  ^aces,  the 
Qnplaceraents  Vforkitig  Party  decided,  in  accordance  with  the  small  amount  of 
data  available,  that  a  cylindrical  firing  bay  offered  the  best  solution 
against  damage  from  accidental  explosions. 

It  was  decided  to  vent  such  a  cylindrical-  firing  bay  at  both  ends, 
but  with  a  high  blast  wall  erected  close  to  the  opening  at  the  roar.  By 
this  means  the  danger  frem  blast  and  fragments,  in  the  event  of  an 
explosion,  would  be  confined  to  the  general  area  adjacent  to  the  open 
side  of  tt^  OTplaccment. 
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FIG.5.  FINAL  DESIGN  OF  EMPLACEMENT 
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